The aim of the study was to determine the influence of conjugated isomers of linoleic acid (CLA) and/or selenium (Se) on the body mass gain of rats, feed intake, and the levels of CLA isomers and some other fatty acids in the femoral muscle. Rat diets enriched in Se, the trans-10,cis-12 isomer and mixtures of the CLA isomers (regardless Se supplementation) tended to decrease body mass gain compared with control rats, while simultaneously supplementation with Se and the trans-10,cis-12 isomer resulted in the highest increase. A mixture of CLA isomers and/or Se supplementation, and the trans-10,cis-12 isomer decreased feed intake, whereas the cis-9,trans-11 isomer, regardless of Se supplementation, only slightly influence of feed intake. Enriching diets with CLA isomers increased their level in muscles as well as the level of non-CLA isomers containing conjugated double bonds (CD). In rats receiving simultaneously Se and mixtures of the CLA isomers or individual CLA isomers the CLA isomers and CD levels in muscles were higher compared with rats fed only the CLA isomers. Rats fed individual isomers or their mixture showed minute changes in C8:0 and C10:0 concentrations in muscles, while the C12:0, C14:0, C16:0 and C18:0 contents were generally lower. A small increase in C10:0 and C16:0 content was found in rats fed the trans-10,cis-12 isomer. Supplementing Se to diets enriched in CLA isomers usually resulted in an increase in the saturated fatty acid content in muscles in comparison with rats fed only CLA isomers. The linoleic acid content in muscles was enhanced by the Se supplemented diets enriched in the trans-10,cis-12 isomer or in the 2% CLA isomer mixture, although 1% mixture of the CLA isomers or the cis-9,trans-11 isomer dosed simultaneously with Se also increased the level of linoleic acid, albeit insignificantly. The Se supplemented diet enriched 184 CLA IN MUSCLES OF RATS FED CLA ISOMERS AND SE in the trans-10,cis-12 isomer or 2% mixture of the CLA isomers produced the highest increase of γ-linolenic acid, the total fatty acid and polyunsaturated fatty acid content in rat muscle.
INTRODUCTION
Conjugated linoleic acid (CLA) is a mixture of geometric and positional isomers of linoleic acid in which the double bonds are conjugated (Gnädig et al., 2001 ). Numerous CLA isomers are possible depending on the position of the double bond pairs (e.g., 7-9, 8-10, 9-11, 10-12) (Corino et al., 2002) . The geometrical configuration of the double bonds can also vary to increase the number of possible isomers: trans-trans, cis-trans, trans-cis and cis-cis. CLA isomers are present mainly in ruminant animal fat and dairy products, and are formed as a result of microbial biohydrogenation (Bauman et al., 2003) . The major CLA isomer in food products from ruminants is cis-9,trans-11, although other CLA isomers are present and these may vary under different rumen conditions (Griinari et al., 1997) . CLA isomers are reported to have varied beneficial health effects, including anticarcinogenic activity, protection against cholesterol-induced atherosclerosis, reduction of body fat, and have been shown to possess immuno-modulating properties (Sebedio et al., 1999; Gnädig et al., 2001) . The enrichment of animal products in CLA has therefore become an important objective of animal nutrition. The role of specific CLA isomers has not been clearly established, the most physiologically active being cis-9,trans-11 and trans-10,cis-12 octa-decadienoic acids, involved in lipid metabolism (Sebedio et al., 1999; Alasnier et al., 2002; Evans et al., 2002) . Moreover, early studies using rats found that the content of some PUFA was positively correlated with the selenium (Se) concentration in diets (Crespo et al., 1995) . Indeed, seleno-cysteine has been found to be an integral part of the active site of glutathione peroxidases as well as phospholipid hydroperoxide glutathione peroxidase (Wolffram, 1999; Zagrodzki et al., 2000) . Interestingly, recent studies have established that phospholipid hydroperoxide glutathione peroxidase interferes more directly with protecting PUFA from peroxidation damage (Crespo et al., 1995) . Thus, this protective effect of dietary Se (essential component of glutathione peroxidases) on the deposition of CLA isomers and other fatty acids in the body of mammals may also be plausible.
Therefore, the objective of this study was to assess the effects of feeding a mixture of CLA isomers, the cis-9,trans-11, or the trans-10,cis-12 isomer, without or with Se(VI) supplementation, on feed intake, body mass gain and the levels of CLA isomers, non-CLA fatty acids containing conjugated double bonds, and some saturated and polyunsaturated fatty acids in the femoral muscles of rats.
MATERIAL AND METHODS

Animals and diets
The experiment was performed on young female rats (Wistar, Ifz:BOA). Ten groups of eight rats at 8 weeks of age and 200 g initial body mass, were for whole experimental period (five weeks) housed individually in plastic cages at a constant temperature (22 ± 1 o C) with 12 h light-dark cycle and relative humidity of 50-60%. For one week (adaptation period) the experimental animals were fed a standard diet, Labofeed (Pastuszewska et al., 2000) , given at a submaintenance level (daily 9 g of diet per rat) to reduce their body mass (~7%). Then they were for four weeks fed ad libitum the Labofeed diet enriched with a CLA isomer mixture at levels of 0, 1 and 2%, isomer cis-9,trans-11 or trans-10,cis-12 at a 1% level (Table 1 ). All diets were unsupplemented ( -Se ) or supplemented ( +Se ) with 2 ppm 182.8 (7) Se 2 ppm CLA isomer mixture 2% 1 body mass of individually adapted rats after one week of submaintenance feeding (in parenthesis -number of rats in a group). Initial body mass of rats did not differ statistically differ among group at the P<0.1 level 2 the composition of the mixture of the CLA isomers: t11,t13-2. 9%; t10,t12 -5.1%; t9,t11 -4.3%; t8,t10 -2.9%; c11,t13 -13.4%; c10,t12 -28.0%; c9,t11 -28.6%; c8,t10 -9.6% ; c11,c13 -1.6%, c10,c12 -1.5%; c9,c11 -1.4%; c8,c10 -0.7%. The composition of the cis-9,trans-11 and trans-10,cis-12 isomers -100% of c9,t11 and t10,c12 isomer, respectively (no other fatty acids were detected). The composition was assessed using Ag + -HPLC system I (Czauderna et al., 2003) and HPLC system II Se given as Na 2 SeO 4 . After a 4-week experimental period the rats were killed by CO 2 and their femoral muscles were removed and weighed.
Reagents and chromatographic equipment
HPLC grade acetonitrile and n-hexane were purchased from Lab-Scan (Ireland), other reagents were of analytical grade (POCh, Poland). A CLA isomer mixture (95-97%), and isomers cis-9,trans-11 (95-97%) and trans-10,cis-12 (95-97%) were supplied by Larodan Fine Chemicals AB (Sweden), while sodium selenate (Na 2 SeO 4 ) and all fatty acid standards were provided by Sigma (USA).
A Waters (USA) HPLC 625LC system for fractionation of the underivatized CLA isomers was used. The system comprised a 515 pump, a 712 WISP autosampler and a 2487 dual λ absorbance detector. The ion-exchange columns loaded with silver ions (Ag + ) used were two 250 × 4.6 mm Chrompac ChromSpher 5μm Lipids columns (The Netherlands) in conjunction with a 10 × 3 mm guard column. The underivatized CLA isomers and unidentified species containing conjugated double bonds were determined according to Czauderna et al. (2003) .
The derivatized fatty acids in muscle samples were determined according to . The instrument used consisted of an Alliance separation module (model 2690, Waters) and a Waters 996 photodiode array detector (HPLC system II). All derivatized saturated, unsaturated non-conjugated fatty acids were detected at 256 nm, while derivatized CLA isomers and non-CLA fatty acids containing conjugated double bonds were monitored at 234 and 256 nm Kowalczyk, 2001, 2002) . UV spectra of the eluate with a spectral resolution of 1.2 nm were obtained every second and were electronically stored on a computer hard disk. Separations of derivatized fatty acids were performed on two Nova Pak C 18 columns (4 μm, 250 × 4.6 mm I.D., Waters) in conjunction with a Waters guard column .
Preparation and hydrolysis of samples
Muscle samples collected from experimental rats were frozen, lyophilized and the obtained residues were stored in sealed tubes at -20 o C until analysed. Muscle samples (~45 mg) were hydrolysed with 3.5 ml of 2 M NaOH at 80-85 o C for 30 min (Heinig et al., 1998; Czauderna and Kowalczyk, 2001 ). The hydrolysates were acidified with 4 M HCl to pH ~2 and then free fatty acids were extracted four times with 4 ml of dichloromethane. The lower organic layer was dried with Na 2 SO 4 (~100 mg) and then the organic solvent was removed under a stream of argon (Heinig et al., 1998; Czauderna and Kowalczyk, 2001) . Afterwards the residue (I) was used for derivatization as below or re-dissolved in 1 ml of dichloromethane and then 30 μl of the resulting solution were injected onto the ion-exchange co-lumns (Ag + -HPLC system I). The mobile phase of 1.6% acetic acid and 0.0125% acetonitrile in n-hexane was chosen as the optimum mobile phase for fractionation of underivatized fatty acids containing conjugated double bonds (Czauderna et al., 2003) . Analyses were performed by the isocratic elution program (flow-rate of 1 ml/min) and UV detection at 234 nm (the column temperature 25 o C).
Derivatization procedures
To a residue (I) in a reacti-vial, 0.5 ml of dibromacetophenone (48 g/L in acetone) and 60 μl of triethylamine were added. The resulting solution was mixed again and reacted for 30 min at 40 o C . Then, the processed samples were injected onto C 18 -Nova Pak columns (HPLC system II) . For analysis of all derivatized fatty acids in standards and biological samples, the binary gradient elution program was used (Table 2) . Injections volumes were 5-20 μl. The maximum pressure of HPLC systems was 38.5 MPa. Fatty acid derivative peaks were identified by the retention time of processed standards injected separately and by adding standard solutions to biological samples. Moreover, saturated fatty acids were differentiated from conjugated fatty acids and non-conjugated unsaturated fatty acids by the use of a photodiode array detector.
Statistical analyses
Statistical analyses of the effects of the CLA isomers or Se were conducted using the non-parametric Mann-Whitney U test for comparing independent experimental groups, while statistical analyses of the simultaneous the CLA isomers and Se treatments (Groups 3 +Se , 4 +Se , 5 +Se and 6 +Se ) were performed applying two- o C 2 all changes of mobile phase composition were linear 3 after 100 min the columns were re-equilibrated for 10 min in 68% solvent A and 32% solvent B at a flow rate 2.4 ml/min factorial analysis for comparison with the independent control group I. The Excel 2000 and Statistica (ver. 6) programs were used for the statistical analyses.
RESULTS AND DISCUSSION
During the preliminary period of submaintenance feeding on the control unsupplemented diet, all rats lost about 15 g body mass. The greatest differences in feed intake among the experimental diets were found during the first two weeks of ad libitum feeding. Feed intake tended to decrease as the CLA isomer mixture level increased in both Se-supplemented ( +Se ) and unsupplemented diets (Table 2 ). These data indicated that rats fed diets containing Se and the 1 or 2% dietary CLA isomer mixture showed a similar effect on feed intake, however, the addition of 2% CLA isomer mixture with or without Se (Group 6 and 6 +Se ) most efficiently decreased total feed intake (P<0.05). Supplementation of the diet with only the trans-10,cis-12 isomer significantly decreased (P<0.01) feed intake during the first week of the study, although no significant decrease was observed after a longer experimental time. On the Se-supplemented diet enriched with the trans-10,cis-12 isomer, this difference was smaller and limited to the first week of the experiment. Interestingly, it has been found that the cis-9,trans-11 isomer in the diet (Group 4) tended to increase total feed intake, although the presence of Se in the diet enriched in this isomer (Group 4 +Se ) insignificantly reduced total feed intake compared with the control rats (Group 1).
The effects of experimental factors on rat body mass gain were rather small, but some interactive effects of CLA isomers and Se supplementation were observed. As can be seen from Table 3 , feeding mixtures of the CLA isomers (Groups 3 and 6), the trans-10,cis-12 isomer (Group 5), or Se (Group 2 +Se ) to rats tended to decrease body mass gain compared with control rats (Group 1). These results are supported by several other studies (Sebedio et al., 1999; Bauman et at., 2003) , which have indicated that the trans-10,cis-12 isomer, due to its geometric and positional structure, is the most potent CLA isomer in terms of antiobesity activity, thus, efficiently reduced feed intake and body mass gain (Group 5). It was surprising that supplementation of the diet enriched only in Se (Group 2 +Se ) tended to slightly decrease feed intake and most efficiently reduced body mass gain. Therefore, it seems reasonable to assume that 2 ppm of Se in the diet is responsible for the lowest feed conversion efficiency.
It has not been clearly established which specific CLA isomers are responsible for the various biological effects, however; the cis-9,trans-11 isomer is thought to play the key role in the antiatherogenic and anticarcinogenic activities (Corino et al., 2002; Bauman et al., 2003) . As expected, therefore, the cis-9,trans-11 isomer supplied to the diet (Group 4) had no influence on body mass gain, while the pre- sence of this isomer in the Se-supplemented diet insignificantly counteracted the decrease of body mass gain from the Se dose (i.e. compare Groups 4 +Se and 2). Interestingly, one of the most prominent effects of all CLA isomers is reduction of the negative influence of Se in the diet (see Group 2 +Se ) on rat body mass gain. Furthermore, the simultaneous presence of Se and 1 or 2% mixture of the CLA isomers (Groups 3 +Se and 6 +Se ) insignificantly elevated body mass gain compared with rats fed diets enriched in only mixtures of the CLA isomers (Groups 3 and 6). It was also found that the Se supplemented diet enriched in the trans-10,cis-12 isomer (Group 5 +Se ) produced the highest increase in rat body mass gain (P<0.05).
It seems likely that the interaction between Se and the trans-10,cis-12 isomer or its metabolites (Group 5 +Se ) resulted in the most efficient increase in body mass gain (Table 3 ) and the most effective decrease in energy expenditure. Exhaustive chromatographic investigations (using HPLC system II) have demonstrated that unidentified non-CLA fatty acids containing conjugated double bonds (CD) in femoral muscles had retention times of 23.2 ± 0.3, 24.8 ± 0.3, 38.3 ± 0.4 and 40.3 ± 0.4 min . Therefore, we suggest that these fatty acids containing conjugated double bonds (CD) contained more than two double bonds because of their shorter elution times compared with the retention times of the CLA isomers. In fact, all CLA isomers eluted as six peaks and appeared at around 49-55 min of a HPLC run . The results of earlier studies Banni et al. (1999) and Sebedio et al. (1999) also seem to support our above assumption. Moreover, Gnädig (2002) reported that Wistar rats fed a CLA isomer mixture for one month revealed the presence of conjugated fatty acids: C18:2 (cis-6,cis-9,cis-11 C18:3 and cis-6, trans-10,cis-12 C18:3), C20:3 (cis-8,cis-11,trans-13 C20:3 and cis-8,trans-12,cis-14 C20:3) and C20:4 (cis-5,cis-8,cis-11,trans-13 C20:4 and cis-5,cis-8,trans-12,cis-14 C20:4) . Recent data on this subject also reinforces the finding that CLA isomers could be metabolized in vivo into long-chain conjugated PUFA (elongation and desaturation products of CLA) using the same pathway as linoleic acid. Similarly, our experiment clearly demonstrated that the concentration of conjugated fatty acids (CD) in muscles is always significantly higher in rats fed the CLA isomers compared with muscle of the control rats (Groups 1) and rats fed only Se (Group 2 +Se ). Thus, we suppose that these CD are mainly metabolites of CLA isomers (Igarashi and Miyazawa, 2000) , hence the very high band in the spectral range from 215 to 245 nm (possess the absorbance maximum at ~234 nm) due the presence of conjugated double bonds Kowalczyk, 2001, 2002 ) and a weaker band at longer UV wavelengths possessing the absorbance maximum at 256 nm due to derivatization of the assayed fatty acids with dibromacetophenone Kowalczyk, 2001, 2002) . Therefore, in the current study we could successfully investigate the effect of experimental diets on the muscle content of total CD (Table 3 ). The study showed that the level of CD in the femoral muscle of the control rats (Group 1) was very low, while a small, insignificant increase was found in the muscle of rats fed Se (Group 2 +Se ). As expected, the mixtures of the CLA isomers or individual isomers with or without Se treatment resulted in a significant increase (P<0.01) in the concentration of CD in muscles compared with the control rats (Group 1) and rats fed only Se (Group 2 +Se ). Interestingly, this study is unique in that it shows that animal diets simultaneously enriched in Se and the CLA isomers, have the major impact on CD and CLA isomer contents in muscles. In fact, addition of Se to the diets enriched in CLA isomers resulted generally in elevated concentrations of CD and the CLA isomers in muscles, moreover, the highest significant increase (P<0.01) of CD was found in rats fed the diet containing the cis-9,trans-11 isomer and Se (Group 4 +Se ). A possible explanation may be that Se added to the experimental diets stimulated the yield of CLA isomers metabolizing into long-chain PUFA containing conjugated double bonds using the same pathway as linoleic acid.
The increase of a level of the mixture of the CLA isomers in the dietary induced a significant rise (P<0.05) of the CLA isomers content in muscles (compare Groups 3 and 6), the concentration of the sum of all CLA isomers being approximately three times greater than the cis-9,trans-11 or trans-10,cis-12 isomer (Table  3) . The response to the mixture of the CLA isomers was substantially greater on Se supplemented diets than on Se unsupplemented ones. Feeding both individual isomers increased the concentration of the CLA mixture in rat muscles to a similar extent, and also enhanced the concentration of the respective isomer. Moreover, the response to the trans-10,cis-12 or the cis-9,trans-11 isomer, similarly as to the CLA isomer mixture (1 or 2%), was far greater on Se supplemented diets than on Se unsupplemented ones. The observation that addition of Se to experimental diets increased the CLA isomer content in muscles is consistent with results concerning the level of CD in rat muscles. These results reinforce the hypothesis that the increase in CLA isomer (substrate) concentration in the rat body stimulated the yield of the CLA isomers metabolizing into long-chain PUFA containing conjugated double bonds (CD). In fact, the cis-9,trans-11 and trans-10,cis-12 isomers, like linoleic acid, are substrates for Δ 6 -and Δ 5 -desaturases, therefore, after feeding a mixture of the CLA isomers, conjugated eicosateraeoic acids were found in rat liver (Gnädig et al., 2001) .
As can be seen from results (Tables 3 and 4) , all experimental diets fed to rats resulted in several changes in the saturated fatty acid (SFA) and PUFA compositions of muscles. Rats fed individual CLA isomers or their mixture showed minute changes in C8:0 and C10:0 concentrations in muscles, while C12:0, C14:0, C16: 0 and C18:0 concentrations were generally lower, although a small, insignificant increase in C10:0 and C16:0 content was observed in rats fed the trans-10,cis-12 isomer supplemented diet (Group 5) . These data together demonstrated that the CLA isomer mixture (1 or 2%) in the rat diet tended to reduce MUFA and SFA in muscle, especially saturated fatty acids containing from 10 to 18 carbon atoms, most probably due to an increase in the rate of lipolysis and enhanced fatty acid β-oxidation of fatty acids in skeletal muscles of experimental animals fed the mixture of the CLA isomers (Park et al., 1997; Alasnier et al., 2002) . Interestingly, diets enriched in 2% mixture of the CLA isomers (Group 6) significantly (P<0.05) decreased oleic acid (cis-9C18:0) content in muscles, while cis-9 C18:0 tend also to be lower in muscles of rats fed 1% mixture of the CLA isomers and individual isomers (Groups 3, 4 and 5). Considering these results we suggest that the CLA isomers and especially 2% mixture of the CLA isomers cause also a reduction of Δ9-desaturase capacity (Simon et al., 2000; Loor and Herbein, 2003) . Surprisingly, the addition of Se to the diets enriched in the CLA isomers (Groups 3 +Se , 4 +Se , 5 +Se and 6 +Se ) generally resulted in increased SFA and total fatty acids contents in muscles in comparison with the control rats (Group 1) and rats fed only CLA isomers (Groups 3, 4, 5 and 6; Tables 3 and 4 ). In general, the above findings confirm the synergic effect of the diets enriched simultaneously in Se and the CLA isomers on the accretion yield of SFA (Table 3) and PUFA (Table 4) in rat muscles. As can be seen from the data summarized in Table 4 , diets containing Se and the mixture of the CLA isomers (Groups 3 +Se and 6 +Se ) or Se and the trans-10,cis-12 isomer (Group 5 +Se ) more efficiently increased the concentrations of caprylic, lauric, myristic, palmitic, stearic acids and cis-9 octadecenoic acid (oleic acid) and PUFA in muscles compared supplementing a single CLA isomer (Groups 3, 6 and 5). This effect could be related to the decreased yield of fatty acid β-oxidation of fatty acids and to diminishing the ability of the CLA isomers, especially trans-10,cis-12 (Sébédio et al., 1999; Alasnier et al., 2002) to inhibiting of Δ 9 -desaturase activity (e.g., palmitoyl-CoA or stearoyl-CoA desaturase), when rats fed diets enriched simultaneously in Se and the CLA isomers. As expected, in our study γ-linolenic acid and linoleic acid concentrations in muscles also tended to enhance by feeding simultaneously Se and the trans-10,cis-12 isomer or 2% mixture of the CLA isomers (Groups 5 +Se and 6 +Se ) compared with the control rats (Group 1) and rats fed the CLA isomers (Groups 5 and 6).
The finding that the CLA isomers fed to animals increased the level of CLA isomers, CD and other PUFA in the muscles of rats and increased the value of the ratio of saturated fatty acid to unsaturated fatty acids (R UN_SFA/SFA ) (Table 4) is valuable for nutritionists in the context of research to improve the nutritional quality of meat of monogastric farm animals for human health. Interestingly, Se in the diets enriched in the CLA isomers more efficiently elevated the level of CLA, CD, PUFA, as well as, the value of R UN_SFA/SFA compared with the diets enriched in only the CLA isomers, so, extra Se in the diets possessing the CLA isomers can be more effectively improved the nutritional quality of meat.
CONCLUSIONS
The trans-10,cis-12 isomer and the CLA isomer mixture induced a decrease in body mass gain and feed intake, while the cis-9,trans-11 isomer did not visibly change body mass accretion or feed intake in rats. The present study demonstrated that the simultaneous dietary supplementation of Se and the trans-10,cis-12 isomer or the CLA isomer mixture had a beneficial effect on accumulation of the trans-10,cis-12 isomer and the CLA isomer mixture in the muscle. Feeding rats with both Se and the cis-9,trans-11 isomer had slightly synergetic effect on the level of the cis-9,trans-11 isomer in the muscle. It can be hypothesized that the interaction between Se and the trans-10,cis-12 isomer, the mixture of CLA isomers or their metabolites exerts the greatest protective effect against peroxidation damage and/or catabolism on these isomers. Finding that Se and some selected CLA isomers fed to animals considerably increase the level of CLA isomers, non-CLA fatty acids containing double bonds and other PUFA in muscles of animals is valuable information for nutritionists carrying out research to improve the nutritive value of food for human health.
